This paper presents an empirical analysis of the interactions among energy consumption, real income and energy price in Saudi Arabia using annual data from 1982 to 2007. We analyzed the dynamic interaction by applying widely used time series analysis techniques such as unit root tests, Vector Autoregressive model, Granger causality tests, impulse response functions and the forecast error variance decompositions. Results show that real income and energy consumption are clearly Granger causal for energy price, and there is bidirectional causality between energy consumption and income. On the other hand energy price isn't a Granger causal for either energy consumption or real income. Thus, real income can play an important role in policy that targeting to enhance the energy efficiency to save energy in Saudi Arabia.
Introduction
Energy demand has been analyzed extensively on a national and international basis since the early 1980s, initially motivated by concerns about the security of energy supply in view of the oil price shocks of 1973 and 1979 . The primary exercise in most energy analysis is to determine income and price elasticities of energy consumption at all or electricity consumption in other cases, so that meaningful forecasts or policy simulations can be performed. These studies typically analyze the long-term and short-term impact of energy prices and GDP on aggregate consumption or consumption per capita of one or more fuels, in individual sectors or over the whole economy.
Over the last two decades, a major challenge has been to explore the time series properties of the examined variables in order to conduct meaningful statistical tests and inferences. Since the seminal work of Engle and Granger (1987) , Phillips and Durlauf (1986) and others, it became clear that inferences from autoregressive equations are only meaningful if the variables involved are stationary, i.e. fluctuate stochastically with constant unconditional means and variances. As a result, unit root tests became commonplace and cointegration methods, such as the Engle-Granger (1987) or the Johansen (1988 Johansen ( , 1991 approach among others, were employed in order to test for the existence of stationary long-run relationships among the non-stationary variables that would allow the implementation of standard regression methods.
In line with several recent approaches (for a summary see e.g. Hondroyiannis, 2004) , our purpose was to analyze energy consumption in relation to appropriate economic activity or income variables and energy prices. Climate changes are used often in the literature in order to account for seasonal variations in the energy demand, mostly for the heating of the domestic sector. However, this variable loses its explanatory power in aggregate demand studies due to its different influence to various sectors. Especially in Saudi Arabia, the industrial sector is not influenced by the temperature change; however, it is the biggest consumer of energy in the country. Following the majority of recent literature in time series analysis of energy data, we first examine the time series properties of the underlying energy, income and price data. Based on the results of unit root tests for the variables involved, we proceed in formulating and estimating an appropriate Vector Autoregressive (VAR) model.
After an overview of the Saudi Arabian energy sector, the paper continues with a description of the data that were collected and then the unit root tests were performed. In view of the results of these tests, a VAR Model was estimated, which allows one to draw conclusions about the impacts of income and prices on energy consumption, as well as on issues of Granger causality among the variables, impulse response function and variance decomposition.
The energy sector in Saudi Arabia
Saudi Arabia was the world's largest producer and exporter of total petroleum liquids in 2010, and the world's second largest crude oil producer behind Russia.
Saudi Arabian economy remains heavily dependent on crude oil. Oil export revenues have accounted for 80-90 percent of total Saudi revenues and above 40 percent of the country's gross domestic product (GDP). Saudi Arabia is the largest consumer of petroleum in the Middle East, particularly in the area of transportation fuels and direct burn for power generation. Domestic consumption growth has been spurred by the economic boom due to historically high oil prices and large fuel subsidies. In 2008, Saudi Arabia was the 15th largest consumer of total primary energy, of which almost 60 percent was petroleum-based and the rest natural gas (http://www.eia.doe.gov).
As can be shown in Table 1 Both of those assumptions are often based mostly on the econometrician's judgment rather than economic theory justifications.
The VAR model on the other hand is a nonstructural approach in the sense that no particular relationships are imposed on the variables based on economic theory.
Thus, the only prior information required for analysis is the set of interacting variables within the economic system and the sufficient number of lags that could capture the interrelationships among them and eliminate autocorrelation in the error terms (Pindyck & Rubinfeld, 1998 (Pindyck & Rubinfeld, 1998 ).
In the present study we will estimate a VAR model with three variables; energy Table ( A.1) in Appendix (A).
In the absence of appropriate seasonal economic indicators for Saudi Arabia, the analysis had to rely on annual data. Hence the analysis that follows is as detailed as the available information allows. It is necessary to note here that unit root test results should be treated with caution.
Unit root tests
For one thing, the size and power of unit root tests is typically low because it is difficult to distinguish between stationary and non-stationary processes in finite samples (Harris and Sollis 2003), and there is a switch in the distribution function of the test statistics as one or more roots of the data generating process approach unity (Cavanagh, 1995; Pesaran, 1997) . Moreover, the sample size (with a maximum of 26 observations) is quite small. 
VAR analysis

Determination the lag order of the VAR
Since all the variables according to KPSS test are integrated in the level (I(0)), we can model them as a VAR in levels. In order to construct the VAR, we need to determine the lag order of the VAR, i.e., the optimum number of lags. The optimum lag length can be determined either by using the Akaike Information
Criteria (AIC), the Schwartz Information Criteria (SC), Final Prediction Error (FPE), Likelihood Ratio (LR) or by Hannan-Quinn information criterion (HQ)
Tests. Table 3 gives the results of all these tests for the lag lengths of a VAR of the three variables. All tests show that the optimal lag order of the VAR is three, This implies that the VAR will have a lag length of 3. 
Granger Causality
We have adopted the VAR Granger Causality/Block Exogeneity Wald Tests to 
LCPIENERG
The only evidence of bi-directional causality is observed between LENERG and LRGDP which implies that both energy consumption and real income are influenced by each other. Uni-directional causality is observed from LENERG and LRGDP to LCPIENERG.
The Estimation Results of the VAR Model
The VAR model for the three I(0) variables; energy consumption (LENERG), the real GDP (RGDP) and energy consumer price index (CPIENERG) can be set up as the following system of equations: (1)
The VAR model incorporates three endogenous variables in their levels plus the intercept term using annual data over the period 1982-2007. All these variables are in the natural logarithmic forms. Table 5 illustrates the summary of the VAR model estimation results, whereas the detailed results are shown in Table ( Generalized impulse response analysis, along with Granger causality test , seems to confirm that real income has significant impact on energy consumption and vice versa. On another hand, energy price has insignificant impact either on energy consumption or real income. And both of energy consumption and real income has significant impacts on energy price. During the first four years of period horizon, the main source of variation in energy prices is caused by the energy consumption which reaches to highest value 42% at the fourth period, after that the real GDP becomes the main source of variation which reaches to 63.94% at the tenth year. 
